Möller Scattering and Bhabha Scattering on noncommutative spacetime is restudied. A new result is reported. It is shown that the correction of scattering cross sections led by the noncommutative effects is not always enhancement with the total energy of colliding electrons, but there is an optimal collision energy to get the greatest noncommutative correction for noncommutative effect. Moreover there is a linear relation between the noncommutative threshold energy and optimal collision energy, so that the noncommutative threshold energy can be deterimed by experiment in the next generation collider.
Introduction
Since the noncommutativity of space-time was discovered in 1990s' as an important characteristic of D-Brane dynamics at low energy limit [1, 2] , the research to noncommutative field theory become a surge in mathematics physics and high energy physics. The study on noncommutativity of space, a large amount of work is mainly concentrated on noncommutative field theory [1, 2, 3, 4, 5, 6] , the integrable system on noncommutative space and noncommutative quantum dynamics(NCQED) [7, 8, 9] . From the point of view of string theory, we need urgently to set up one theory that is in conformity with existing elementary particle theory and can be examine within the attainable range of energy scale in experiment at present or in near future. About this, there are two rather noticeable progress. One is the model including extra dimensions developed in late 1980s [10, 11] , the other is noncommutative field theories developed in recent years. Much attention has been paid on the different characters of noncommutative field theory, but little on whether its effects can be examine [12, 13] .
It was generally thought that prediction of string theory and noncommutative effect can only be examined at Plank energy scale or at Great Unification energy scale. However, Witten et al.propose recently that the effect of the string maybe appear at the energy scale of TeV, the threshold value of commutativity of space, as D-brane dynamic main nature in low energy limit, might as well be thought that its energy scale is also at scale of TeV, or not far from that at least [11] . The energy scale of TeVis just typical running energy scale of collide machine of next generation [14] . In this paper, we restudy the Möller scattering and Bhabha scattering in noncommutative quantum electrodynamics, discuss the correction of scattering cross section led by noncommutative effects, and analyze the relation between threshold value and energy of collision particles when correction of scattering cross section arrives at the maximum. At the last, the possibility of testing noncommutative effects in the next generation colliding experiment is discussed.
The Feynman rules for NCQED
The noncommutative space can be realized by the coordinate operators satisfying
whereX are coordinate operator and with dimension of (length) 2 , θ µν are the noncommutative parameters, which is real, anti-symmetric and commutes with space-time coordinateX µ ; c µν are dimensionless parameters, and Λ N C has the dimension of energy, which can be used to denote the energy scale appearing in noncommutative effects.
For the noncommutativity of coordinate in noncommutative space, the Feynman rules of NCQED can be obtained from usual Feynman rules with some modifying. The propagators for the free fermions and gauge fields of NCQED are the same as that in the case of usual QED. But for interaction terms, every interaction vertex has a phrase factor correction depending on in and out 4-momentum. Here we give out the Feynman rules for interaction vertex of noncommutative quantum electrodynamics as that in Fig.1. 3 The noncommutative correction of scattering cross section
The noncommutative correction of Möller Scattering
The Feynman graphs of Möller scattering considered the contribution of the lowest rank tree graphs is shown as in Fig.2 , which consists of u-channel and tchannel. According to the Feynman rules of NCQED, we can get the scattering 
By the similar method used in the usual QED, we can obtain the scattering section on noncommutative space at ultra-relativistic limit as
with Mandelstam variables
Comparing with the differential scattering cross section for commutative case
we get the correction for the differential scattering cross section as
If let Λ N C = 500 GeV, we obtain the correction curves for total scattering cross section ∆σ vs colliding energy √ s by integrating with φ and θ, subject to an angular cut of | cos θ| ≤ |z| = 0.9(0.7, 0.5) as shown in Fig.3 .
From Fig.3 , we find that ∆σ does not always increase with √ s, but exists as a kurtosis distribution. Under the condition of Λ N C = 500 GeV, a maximum appears when the energy of collision particles √ s = 1288.8 GeV. This imply that there is an optimal collision energy to observe the noncommutative effect in Möller scattering, if the noncommutative threshold energy is determined. However, we do not know the exact value of the noncommutative threshold energy. We have to determine the threshold energy at the first. To do this, it is useful to establish the relation between the noncommutative threshold energy and optimal collision energy, which is shown as in Fig.4 . After curve fitting, we get √ s o = 0.000001 + 2.5776Λ N C .
This means that the optimal collision energy is about two and half times of the threshold energy. If we determine the optimal collision energy for noncommutative effect in the Möller scattering in next generation colliding experiment by increasing gradually the energy of collision particles, we can determine the noncommutative threshold energy Λ N C .
The noncommutative correction of Bhabha Scattering
In order to know if the above relation is universal, we consider Bhabha scattering. Its Feynman graphs with the lowest rank tree graphs is shown as in Fig.5 , which consists of t-channel and s-channel. According to the Feynman rules of NCQED, we obtain the scattering amplitudes of two graphs as 
where
By using the similar method used in above section, we obtain the differential scattering cross section of Bhabha scattering on noncommutative space at ultrarelativistic limit,
with φ b ≡ φ s − φ t . To take
Comparing with the differential scattering cross section of Bhabha scattering for usual QED case
the correction of differential scattering cross section for noncommutative effect is obtained as
If let Λ N C = 500 GeV, we obtain the correction curves for total scattering cross section ∆σ vs √ s by integrating with φ and θ, subject to an angular cut of | cos θ| ≤ |z| = 0.9(0.7, 0.5) as shown in Figs.6 and 7 .
From Fig.6 and 7, we also find that ∆σ do not always increase with √ s, but exist as a kurtosis distribution. Under the condition of Λ N C = 500 GeV, a maximum appears when the energy of collision particles √ s = 1276.5 GeV. It show that there also is an optimal collision energy to observe the noncommutative effect in Bhabha scattering, if the noncommutative threshold energy is determined. To establish the relation between the noncommutative threshold energy and optimal collision energy, we determine the optimal collision energy by changing the noncommutative threshold energy. It is shown as in Fig.8 and  9 .
After curves fitting, we obtain
This means that there also are a linear relation between the optimal collision energy and the noncommutative threshold energy Λ N C . Moreover, the slope is almost the same as that of Möller scattering. If we determine the optimal collision energy for noncommutative effect in the Bhabha or Möller scattering in next generation colliding experiment, we can determine the noncommutative threshold energy Λ N C . In other hand, we can choose the optimal collision energy as the operating energy of the next generation collider to explore the noncommutative effect, if we know the noncommutative threshold energy Λ N C .
Summary and discussions
Firstly, we find that it is not the easier to explore noncommutative effect, the higher collision energy in both Möller and Bhabha scattering, but there is an optimal collision energy to get the greatest noncommutative correction for noncommutative effect from Fig.3, 6 and 7. Secondly, the linear relations eq. (7, 14) between the optimal collision energy and noncommutative threshold energy is found. The optimal collision energy is direct proportion to the noncommutative threshold energy Λ N C , its ratio is almost the same 2.6 for both Möller and Bhabha scattering. If the optimal collision energy is determined by increasing gradually the energy of collision particles from Hundreds GeV to several TeV in the next generation collider, then the noncommutative threshold energy can be determined from the above linear relation. After we know the threshold energy, we can give out an appropriate collision energy for other scattering process to get the greatest noncommutative correction for scattering cross section in the experiment. Authors thank Profs.C.R. Nappi, M.X.Luo, D.H.Lu and Dr.H.X. Yang, for useful discussion. The work is supported partly by funds from Pandeng Project of China, NSFC and Zhejiang Provincial Natural Science Foundation of China.
